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S c i n t i l l a t i o n  c r y s t a l s  of  bismuth germanate (BGO) a p e r t u r e .  A Pb abso rbe r ,  1.0 cm t h i c k ,  was p l aced  i n  
and barium f l u o r i d e  (BaF2) a r e  i n c r e a s i n g l y  popular  a s  f r o n t  of  t h e  BaF2 d e t e c t o r  arrangement.  Th i s  reduced 
h i g h l y  e f f i c i e n t  d e t e c t o r s  of  gamma r ad i a t i on1 ,  charged  t h e  maximum energy  of  t h e  s c a t t e r e d  p a r t i c l e s  t o  
p a r t i c l e s 2 ,  and neu t rons  .3 The pu l s e  he igh t  response  150 MeV, which i s  low enough t o  s t o p  i n  t h e  7.5 cm 
and t iming  c h a r a c t e r i s t i c s  of  BGO were r e c e n t l y  t h i c k  BaF2. Measurements wi th  80 MeV bombarding energy  
r e p o r t e d  by B e c c h e t t i ,  e t  a1.2 I n  t h i s  l e t t e r  we p ro tons  and deu t e rons  were made w i th  2.5 cm x 2.5 cm 
p r e s e n t  some new d a t a  on t iming  p r o p e r t i e s  and energy  c r y s t a l s .  The c r y s t a l s  were p l aced  behind a b r a s s  
r e s o l u t i o n  measurements w i th  l a r g e  BGO c r y s t a l s  and a s  c o l l i m a t o r  4.0 cm t h i c k  w i th  a 0.64 cm d i ame te r  
t h e  response  of BaF2 t o  e n e r g e t i c  l i g h t  i ons .  opening.  We measured t h e  s p e c t r a  of  s c a t t e r e d  
The s h o r t  wavelength component of  t h e  BaF2 p a r t i c l e s  a t  20' from a 500 pg t h i c k  12c  t a r g e t .  I n  
f l u o r e c e n c e ,  peaking  a t  225 m, has  a decay c o n s t a n t  of  a l l  measurements t h e  p a r t i c l e s  passed  through a 1.5 mm 
o n l y  600 ps.4 T h i s  makes t h e  m a t e r i a l  a  ve ry  t h i c k  p l a s t i c  s c i n t i l l a t o r  s e r v i n g  a s  a hE d e t e c t o r .  
a t t r a c t i v e  a l t e r n a t i v e  t o  p l a s t i c  s c i n t i l l a t o r  i n  We measured t h e  t ime s p e c t r a  w i th  r e s p e c t  t o  t h e  
numerous medium energy  phys i c s  exper iments .  Our c y c l o t r o n  RF. For t h e  purpose of  comparison we a l s o  
i n t e r e s t  i n  BaF2 and BGO s tems from t h e i r  p o s s i b l e  use  used ,  i n  few i n s t a n c e s ,  6.0 cm x 2.5 cm d i ame te r  NaI 
a s  f a s t  charged p a r t i c l e  d e t e c t o r s  i n  t h e  co inc idence  (T l )  c ry$  t a l s .  
measurements of  t h e  continuum i n  (p,  charged p a r t i c l e s )  The r e s u l t s  of  ou r  measurements a r e  summarized i n  
r e a c t i o n s .  We a l s o  cons ide r ed  r e p l a c i n g  NaI (TI)  Tab l e s  1 and 2. The energy  r e s o l u t i o n  measured w i t h  
d e t e c t o r s  w i th  c o u n t e r s  of  s m a l l e r  p h y s i c a l  dimensions BGO i s  about  1.4% f o r  180 MeV p ro tons  ( F i g u r e  I), which 
i n  high-energy p o l a r i m e t e r s  f o r  p o l a r i z e d  p ro tons  and i s  cons ide r ab ly  b e t t e r  than  t h a t  r e p o r t e d  i n  Ref. 3. 
d e u t e r o n s  i n  t h e  30  t o  200 MeV energy  range.  The t iming  r e s o l u t i o n  of  BaF2 d e t e c t o r  i s  a lmost  a s  
The response  of  t h e  c r y s t a l s  t o  e n e r g e t i c  l i g h t  good a s  t h a t  of  a f a s t  p l a s t i c  s c i n t i l l a t o r  of  
i o n s  was measured u s ing  beams of  p ro tons  and deu t e rons  e q u i v a l e n t  s i z e .  I f  we s u b t r a c t  t h e  i n h e r e n t  t ime 
from t h e  Ind i ana  U n i v e r s i t y  Cyclo t ron  F a c i l i t y .  For sp r ead  of t h e  c y c l o t r o n  beam (At "400 ps)  we o b t a i n  
measurements a t  Ep = 180 MeV we used 5.1 cm x 5.1 cm 
Table  I 
d i ame te r  BGO c r y s t a l  mounted on a RCA 8575 PMT and a 
FWHH of e l a s t i c  peak i n  1 2 ~ ( p , p 1 )  o r  I2c(d ,d1)  r e a c t i o n  
BaF2 d e t e c t o r  made of  t h r e e  2.5 cm x 2.5 cm d i ame te r  
c r y s t a l s ,  o p t i c a l l y  coupled and mounted on a Hamamatsu Energy & P a r t i c l e  BGO BaF2 NaI (T l )  
1668 PMT. Both d e t e c t o r s  were p laced  behind a b r a s s  
c o l l i m a t o r  4.0 crn t h i c k  w i th  a 1.0 cm d i ame te r  
80  MeV d 1.8% 2.7% 1.2% 
8 0  MeV p 2.2% 3.4% 
180 MeV p 1.4% 3.0% 0.6X 
Table I1 
FMHM of time spectrum between charged p a r t i c l e  
and cyc lo t ron  RF 
Energy & P a r t i c l e  BGO BaF2 
80 M e V  d  1.0 ns 1.0 ns  
80 MeV p 1.1 n s  1.1 n s  
180 MeV p 1.85 ns 0.60 ns 
12 C ( d , d l  ) I2c 
E d  = 80 MeV 
CHANNEL 
f o r  180 MeV protons  the  FWHM = 560 ps f o r  t he  BGO 
d e t e c t o r  and 450 ps f o r  t he  BaF2 de tec to r .  The timing 
proper ty  of t he  c r y s t a l s  was measured with r e spec t  t o  
t h e  RF of the  cyc lo t ron  and gated by the  p l a s t i c  AE 
de tec to r .  
In  conclusion, t he  energy r e s o l u t i o n  of BGO and 
BaF2 a l though s t i l l  i n f e r i o r  t o  t h a t  of NaI (Tl) a l lows 
f o r  t h e i r  e f f i c i e n t  use i n  numerous a p p l i c a t i o n s  where 
t h e  s i z e  of t he  d e t e c t o r  i s  an important considera t ion.  
The t iming p r o p e r t i e s  of these  c r y s t a l s  a r e  very much 
s u p e r i o r  t o  those  of NaI (Tl).  For BaF2 t h e s e  timing 
p r o p e r t i e s  a r e  a s  good a s  f a s t  p l a s t i c  s c i n t i l l a t o r .  
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Figure  1. 12c  s p e c t r a  taken with a  
2.5 cm d ia .  x 2.5 cm BGO c r y s t a l .  
